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(57)Abstract 

PROBLEM TO BE SOLVED: To prevent conversion 
efficiency drop of a step-down DC-DC converter that 
outputs large low-voltage current and enhance the 
accuracy of the threshold at which the overcurrent 
protecting function is actuated. 

SOLUTION: A sensor resistor Rs is inserted on the side 
of an input portion Vin and using current and voltage 
detected at an input current detecting portion 1 and an 
input voltage detecting portion 2, it is judged whether 
operation is in a normal operation range. If it is judged 
that operation is out of the normal operation range, a 
stop signal is outputted from an overcurrent protecting 
operation judging portion 3 to a switch control portion 4. 
Since the sensor resistor is inserted in the input portion 
side, loss due to the resistor is reduced. Since the 
accurate sensor resistor is used to detect currents and 
voltages, detecting accuracy is ensured. Since it is 
judged in terms both of current and of voltage whether 
operation is in the normal operation range, fluctuation in 
the input voltage can be coped with. Since the sensor resistor is placed on the input side, the 
number of parts can be reduced by one on the output side where large currents are passed, and 
thus the degree of freedom in designing and the heat radiating capability can be enhanced. 
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[0038] G9 1 tt*mm<D-mmMmt!3bz®w%iu 

WS3SESKEED C D C a S»©S^|el^-efeoT. 



A*®V i ai^lSlVo u t, A*3>-r>-y-c i 

KD, ^3— ^U-OH.* MOSFET Q1, Q 2 
«J:tfDCDCzj>/<-$$gffll I C 1 4^f,«JfiS**tTl^ 

[0 0 3 9] #SSgJ&a§(*. C(DS2f:(Hl^©A*g?V i 
n(C-t:>*gttRs£i&iDU DCDC3>/^— $$dtW 
I Cl 4<&4M=#SSiIll£l?St*SfcAa>afiQ3!E&gie6f'E 
*iJ5£S?3£rtj3«iFl*fcta>T?fc.5. CiTlc, #g?»l=o 

[OO 4 0] -tei/X«fitRsl*. C3E©ffi£Bffl=&& 

-rsfcAi=ft5A-r*ata-cfcy. iflG3Kttai£DCDc 

Cl 4l=«fcoT&tiJT.5fctf>l=«?AT 

•5. 

[OO 4 1 3 DCDC3>/i-$W I C 1 41*. X-f 

^^>^$n»g?4a3j:i;«g!€J«gs?*#-t±i#o 1 c-efc 

•So -€-«)X-f ^^^^SJffllSJI*. MOS F ET Q1, 
Q2IDON. O F F£$W-T.&fc4&<D[H]!&T?a&y, 

tttftBS*t£ttffiJ:y MOSFETQ1 
©ONB#ISa>it$S££< Ltl*^- ©«$&S18-¥>L 
TBEE£±lf. «ffjWfc«MfiJ:y*K<«C*fc % MOS 
FET Q1 0>ONttffl<Dlt&$'J>i£< LW*A*- 

em. araftB&j:ifiMMMa*. dcdc=i>/<— 

51 (a.- . y K) gg-,fcfiffils]g& (CPUH) <D3RA$Jg 

2l£fPlt-f€>l§-&l-l*. MOSFET Q1$OFFj 
[OO 4 2] A*SfV i nlrfc(,\T. mi*V — h ?V 

^spc-eistss (a cr &o>vtniz& 

S^) l=J:y*&l::Stta««BMMM-*. «5tl*. AC 
6. 8 V~ 1 2 VC&S. 

[0 O 4 3] A*J 3 C i n I*. MOSFET 

Q 1 =0 F F <7388fl9lcA2JnP V i nfr&x:M,4r— «S 
SU MOSFET Q 1 = ON0>JWIBI::Sx.fcXJM, 
^-$tttUtS. MOSFET Q1=ON^(0ftli 

•st. A*a>T>-y-c i niztt, ttcwmo&xmziiw 

[OO 4 4] MOSFET Q 1 fi/\>T If >f K h 9 >^ 
fcO>M(DON-OFF*«f|pt4. MOSFET Q1 

tfoNizuzt. of F<nmmizwm£titzAi3^>T 
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LT. MOSFET QKDON-OFFfH2l;^y 
iSf (&1 00kHz) Cilery, BSDCDC3> 

*i$ i*;M?— ©fiaqsss * *it a A Bffifc <fc ta * u 
55tf$!lffl)£*t5. COMOSFET Q 1 14. *Q55a* 
35*1, fBSW£tL<ft-585ST?fc5„ 
[0045] f a-^a-f^LIt MOSFET Q1 
= ON(Da8Pai=®SlO»-ex*;u^— $8*. MOSF 
ET Q1 =OFF<OS8Fal=e35cD^K•paiA^>•r>■y■ 
C o u t 33«fcorai*g8v o u t *ot. * 

3— •5»3i';n_£35*i5S55©&*ffit4. ai*QS!EEl± 
1:45. MOSFET Q1=OFF©i:§l:f 

ffijiJc-rs/=tf>i=i*s ©a^y*- Ktf&gtftSo c© 
3 a -f ;u l 1 1*. *«sfcMfch,. ss&*<& l < ^ 

•5 a? op -So 

[0 0 4 6] 7 y — /k-f — JV&'f & — KD £ LTI4.. fi 
-^t-KSffflti. MOSFET Q1=ON© 
OSFET Q 1 ©OF Fjt8(ai=til*3i/i s l/-9-C o u 

KDSifioTf 3- *3-OH_l=e»*<3fch.5. <ko 
T, SJSffi«-ceiaLftl*i:, LT Hi *l= 

8LltX/W*/<rX«tft£-r««L. />CXl=«J:5MO 
SFET Q2<DSg(l^$§l#fi^-r- 1 tt»*. 

[0047] MOSFET Q 2 I4P— y--f h* h =7 >S? 
X*T?fey. /fc>f — KD©il4g©ON 

-OFF$«9t5. 7 'J— stc-r — Hr— Kdich 

:S"lS|fl35A<35*t5Sll§]i:l^#}LTMOS F ET Q24< 

ONi=-*-5c£i=J:y. ;u$r <<:*-— Ku© 

WE*T*0|::LT, 3a^$^#<3feS-r^ 0 MOSF 
ET oi, Q2A<|^B#KONttggf::ft5i:. A^SSV 
i ntGNDA«)ilSLTL*5fcfe, ^-5 ft&ftl*«fc 5 
1= if*> £ fr-^O N |= ft ofc^lC!&-ri5|^A<0 FFO 
ttS£8Tfr&« flfe^ON|Cft5«t5l=-r-5o ft*>\ 
MOSFETQ1. Q2*<|^ttlCOF FlZft-5»3raA<& 

5fc«>. *-r— /uy-f*— KD^^ias-r^ctii 

Tf#ftl». CICOMOSFET Q2I4. *«3S*<35*U 

L < ft « fl*A 1* ft « . 
[0 0 4 8 J [B*3>f>fCo u t I*. 

?iHf*--5fc«>©*,©-cfcy % ^3— ?3-OUL£35*t5 
S5S*«ai*a3!E«fey t**^t*|=(4x^4f-SS 
il>ft< ftofci:#|cx*;u4f— £Siai-r5. CPU 

*ft Fgj£) 6<£>Sfc£*u F^7X© 

3>ir>-y-$3£9Jgg|LT#jB£»5. iot> C©fcH 
*3>fl/fCo U t I=f**m35*<35*l5. gJsffiSfe 
18 Lftl^t y *y yjv&s 4 XA<A # < ft 5. 
[0049] tuaffvou ti=£ivc. *aii3A<S4,» 



iTs 4 V-2 O ASg6<i35T7fc536^ 

[0 0 5 0] ±e^»J835§?l$ffDCDC3>/< 

-$i=fiit5KffJsai=oi\riftiB-r5. mosfet 

Q1 SONtit. A*S8V I n 33«ky:A*3>T> 
-tfC i n frZ>?3— $3-OUL, £iJ2j3 >x>U-C o u 
t 3S«fctfaj*lS?V o u t l=x*;u^— 4<«g&**L. MO 
SFET QI^OFFfii. I^-CMM 
SS. MOSFET Q1IJ. ON-OFF©K! 

ysEL*B» (Si oo k h z) icfjoTfcy . m&B» 

fa^/=y©ON«8Mto F F»3ffl©j±^-ex*.;u^— © 

tft&nssisi-r s c t *<-<? e 5. 

[00 5 1] DCDC3>/i-SSI{} I C©X-fy^> 

S*tffi<fcyt.<S<ft5i:MOSFET Q1©ONB#P3 

If. iEi«!lttffiJ:mg<55tMOSFET Q1 
©ONB#[H©ifcm£;l>ft< LTI*;^-©tt«g?M& 
LTBBE£Tlf5. CO J: -5 ft*9«H= J: y. gSOCD 

5. 

[0052] MOSFET Q 1 *<0 F FJ8B84» l-t £B 
£tf Iil4i8SE£lt»-r •& SMI*? a— 9 a <f SI* 
I_£ai2l3>-f >-tf"Co u t*<ffloTl^5. MOSFE 
T Q 1 © O N 89 63 4j {= ^ 3 — £ 3-f ;u L t fib * 3 > -r > 
fCoutl:i*^-Sf?lU MOSFET Q1 
©OFFj»rH*l=S«Lfcx:M,4F— Sttffl-r-S. ^3 
-^a^fALtfUiASVou t irx^M,^— 5 

[0053] MOSFET Q 2 (47 'J — TtW — 

I=EIt&*u 7 U— yu^r-f Ki-«i^|SiS3EA< 
35*i 5 SB PS fc* «t O N f 5 «fc -5 1= * -f 9- > ^ ftflffiigf 
»-T5. 

[0054] C©J:5l:ii^fcKEDCDC3>/i 
— ?©A*fi?V i n«=-fe>X«titR s £»A-T5. ■?■ 

L-T, AaS+tfcmsSfccfctfeff^&tii-f 5A*m3S& 
ttSS? 1 33«feZ/A*Sli«tbi^2 $e«+fciSm35«Sllff 
¥0SSP3lc«fey. C*tC,©^ffiSSl . 2A^c,^c>*l5m 

Effli is j: ixms5{i * ffl t^r jsass^saff ^ ff *p-t* 5 

5fr£?flS-r5. C©ia«35«aaif^fl^SB3l4. 

IC % BEDCDC3>/^-$fl)MOSFET Q1, Q 

5. C*tlzJ:-DT. SEDCDCa^- £j^t>©£ij;*j 
A<ffjfc**t5. 
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[0 0 5 5] JE^Sftfflgl*. H2l-^-T«t5»=. ttSfl 
33«fct;f23!Effil=«k-3T22je5cT?$fil*^ &/J*A2>e 
EE. fi*A*SE. fi*A*Q3SfeJ:i;fi*A*B*l= 
J:oTfcS<**lSo Sfc. a^A^SAIi, A*I373I= 

-e«£-f<5. £f=. A7jQff©H6<#^(=*#<, A* 

[OO 5 6] CHI- J: iaG3£ttBS<D&tfciglg£. & 
&&J?tf>&8&iie ($51 0%) t-fe^xSfitRs©SIfi 

(1%ETF) l=«l**CtA<Tf#4 0 £fc. iSQBET?« 
©irefc&AJMffllc-ti^XSttR s £JSSA-f S^tir «fc 

[0 0 5 7] Wxli. A*&BEffiBA<1 0V~20V, 
til*BBEA<1. 5V. ttiTD^SStfl OA. -tr>X«£lR 
s£m (MOSFET Q1. Q2. fa-j>3<f^ 

u t. a^l^^ir >-9"C i n) -C<&fi&<D^f1-£ 2 W 

( A*aai= «fe *«5fe«>Siiitt d«)Sts:-ei*Sf ^ t (D <t 

f£) . SBS5«Sa^¥"J^S?3l=ft«-tr^XStaRs 

ag^fs^EEfflsssfl (A*sii©asaj2(=^(tc,Hr^ 
•5) 0>A*T©ffl (c*ierFtf>§BE£&ai-e#fci^) * 

[0 0 5 8] -t&Lfcfc&aiSl <D<fc5l::ftft (^-y 

At1 0OmVS8flt5fe«)l:lt 1 OmQOSgt* 

1 OAxI 0AX1 OmQ=1W 

[0 0 5 9] C*Uc*tLt\ *5%W0>*5lZAfiWlz-k 
>X«tt£&tf-fci§^. DCDC3^-$l;J:4a* 

£SirA*m*ifi£[-e*ij£-t Sfc«>. A*Sfflc*oT« 

*) li. 

X»SiRsia*1-T?ro±a5fe«*] =1. 5VX10A + 
2W= 1 7 W 

$1±*g/JxA*agSfilO>i:#lzt«fllTKBEE (ATjT 

C^SiS^S^A^SSS] = CSffill^A^m*] / 
[§*A*1E] =1 7W/2 0V = 0. 85A 
CISS^^-bi/XStSRsOSStfil] = [&Sn«S£T 

R8] / [S'hAAaSS] =1 OOmV/O. 8 5A=1 

1 7mQ 

«StiltAtiliff-rSA*ia2Effll*A*mJElrOc 
[«Sl!lfEA2iS3iE] = CffiSiSffATJB*] / [A* 



em 

[-bi/X«ttRstf<D«J5fe] = [emadftA*^35] x 
[«meM£AaS3S] x [Hr>X«fitR soatrtll] 

IU±©H-I3:S£l=K®^^ftA-rSi:. A*fl 

BE^fi* (2 0 V) <Dt#l=-b>X8fitRs-C<0tB5fe^ 

fi'Ncfcy. 
[&SSftf£A73Q3S] = 0. 8 5A 
[-fe^xaetR s-e©JQ5fe] =0. 085W 

tfcy. AAQBEtfQ'J* (10 V) (Dt#l=-b>X«fi% 

r s -ccoiB&tffixicfc y . 

[«SISftftA*Q3£] - 1 . 7 A 
C-tr>X«fiiR s-COffiifc] =0. 338W 
£fc£o iot. «£3fc^SI=fcl^T-b>X«fitR sT?<D 

[0060] #ss«i»ai-ci*. ssascj:^^ 

Bi&gO&fc-C&s?** 5 %fcL± t^-fb-T -5 C t liJSl^ 
£>T?fc*. *^«6<J}St Ltl^SED C D Ca 
— Slcfcl^T, 9 O y. 

SStl* 5 %8S L*gg4<4 tiSU. *t>l=. SPSig 

x hfctfSTy^bfcitfcib-efes,, ;r*u=#L-c. eas 

■CSSS**l4PC??T?l*. A*SBE*<2 0 V|(rS~8 V 

i><%H£frfr£>-flz. fro. jam^fltlllc^aitrCtAt-e 
[006 1] £C,lz. #36181= fcl^T. Sffi±l=KJED 

i n. MOSFET Q1, Q2. ^3— £=J-f;UL. 
tbTja^^r^-y-Co u t j3J:tf$(]8P I C (.X-tvTXf 

li. A^]ffl0litiJ*ffliI=tb^Tm3iEfilA</^^Ft^A^P,-Cfe 
•5. Wxli. ±I5IS®[0!I<D^#-Cli. A73fflll=Jf Ar-5 
i§^l=l*2 ASS-C^t;A<. a*<Hlz»A-r -Slg^f-I* 
1 0 A**3Uf5 0 J:ot, -tr^XlfilKRs^^ffDCD 

IfCPUffliS) tl*. MOSFET QKDOFF^ 

ffltfo titers* mmmmz&i^tzfi. mosfet 
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QIOOFFtfl-SfcSaF+l-SAaaVT^-y-C i niA 
I*. LfrU MOSFET Q1i<ONt5t, ^3 — 
C ! n*<«i&-f Sfctf), A*3>f^C i nlOtti 
I*. MOSFET Q1 0)jfi«lC«SffiKT?ESLJS:^ 

[oo6 2] KiTic ±iEiia«g!t«aiiif^flSgS3i=o 

A*a3SttffiSSl. A*Sff«fetiJg?2. aattlMlls, 
a*-tEttjES86, a*a3K*!l£SP7, a*«*¥!l£SS 

8, s/jvmii*ijss?9. ax«Ett£tti 0 , ajt«a 

aj^EKl 1. &aBaaiK£a£J:tfl|4jfflrjEaftK 
£35 1 2, «-|iK*<lt«jE«a05«»lHj»1 6*<&(* 

[0 0 6 3] AaaSS&UJgS 1 1=1*, -fe>X»i?LRs<D 
i55««>«fiSA<A**4x, -toafiM^A^SSlEfiS^ 

r ft at® saffl (D » r as » l r a * -r -s o 

[0 0 6 4] A:fc>Sff&tis352l=l*, AAiar/^^-y-c 
i nfl>iiai©afe^A<A***t. -€-roaas*A*aBE 

a s *r « spfflsffl <d sale u r tb * -r 
[0065] man-ass 5 1=1*, AaassasiF-raa 
£A*SEte£*-r<i-J§-i!&<Aa«**u s#^aia:LT 
i# e. a* m*«i^^-r«# $ ta *-r -5. 
[00 6 e] =&aKi?fatMiE«&ro«^[HiKi 6i*, 

a, ajEaaaroasaa^r^p^aa (man) * 

fctt R OM?fl)fi5? ;i,ffl©ig-CSS L, DCDCZJ^ 

a, a^A**ffffl**-r«#. a*Aa*sa$ar 

[O o 6 7] &MJMMK£tf &*tf*ftfl|jE11Mft£ 
35 1 2lcf*, aAAaftgSaS^faa, «<hA*«ffi 

tt**r«a. aAA*aiEfii$^-r«#fc«fcu:a*« 

ISffiiESS, a*S35¥iJ£S5, a'Ji*9K*f£tt&J:lX** 
*EEffa*T*aaaf=&«*&ttai=**U P335&8 

aoaAAAaaasat-aa. s/hAftasasa-r 
aa. a*Aft«Ea£a-*-aa£*tflt4>fiijEaft$ 
a-raa$ttj*i-*-&. 

[0068] «*±EaiEgp6icii, A*«a:*a-ra 
a, a*A*«*a**r«a» ajjajEaasa-rci 

tt»WB«>aaa«AAS*i.*. f LT. AA«Ei«IE 
«»3^6tt»Lfc«jEai=J:y«*A*«*fli*«jEL 

*tiE3f*a*A*fi*ffl*^-r<i#$ai*-r*. 

[0 0 6 9] a*«3tfl3e«7l=li. A»«SM*3Rr 



aafcitfrtaaaaoa^AaaaassR-raatfA 
fit, 2ffl*itSLrK#fiSUirt-efc*6^ 

*3*s**u a*«35«s««**-r«#sa*-r 

[0 0 7 0] S4»«SflXV9l=tt, A*J«JEfiI£iM- 

aa 33 <*: aaaaoa'j* a * aafis * *r «a# a 

[0071] a**ffiflj£e? 1 oici*, A^maa** 
-r aaas <fc t/w spfflsffl ©a* A*«a as srt aa*« 
a*£*i£. -f" lt. 2ffl*j±«LT«saeirt-e** 
*£3fr£4i2u ***stt£fga*a-raa*iii4) 

[0072] aAsawssssizi*, A******-*- 
aa as <t «jE**a a a * aa a * aa*< a * * 

frtweu a*«A«i£tta««-rAa«uA-r«. 
[0073] ajtaattiaiaai ucii, aAS3K*!is 
esf^tfl^ a^*E«s«a«9-raa, a*a 
E¥9£isa£**«aa3£u:a*aa*ii3g«sasa-ra 

aA<A2l£;KS. -tLT, ivftufiM o©AAlftI« 
£*T*«l£$3a*<fc-5*^l::l*, fpJt{I^££j£LTX 

-r ->5 i >y«!iffliss4r=tB*-rs. -sa-itaasa^-r 

St, mS*<OF F£*t53-T? (V i n^OiSi^tf 

it***-?) a*r*. 

[00 7 4] X-f -y^^^WSf 41*, d<Df?ih«#ffi 
*B»1 1 *e><Dait«a*fcl4aa>aS«te35l 3 

(«fx.tfa«sa»itt^a»aB«tt) fr&oaita 

a£S(+TtiS:fr£aJl:U :W:j:oTREDCDCa 
[0 0 7 5] «lxl*T^-ay|n]K<Oli^l=l4, #atb85 

*T^-ayii«», aaturasT-T- #*9 

TiBEtliCt^tS. *fc, Tis$Jl>n~?v*mBt 

T-m&rzm'Sizit. #aa«-\?>KsaAA»SA/D 

aw Aiass* T-r f □ a ei-? ^ t *<t- 

[0076] cocfca^cismsijftsiiD^fijssiJsi*, m 

WfiP) <tl^— t\v*T— i?rtlZiSl+rD CD CP ^ 
$I1»IC1 4$«)SLttJ:^. BSIZiF-f <fc5 

f* I CifcL-Cifi«3S«SSiffc!|aJS I C 4, L < f*a*9t& 



(10) 



*$gfj2 O 02-84742 



fi±lcfigiJSPia$f^SL> C4xi:R#<DDCDC3^/^ 

[0077] melt. *38S?a>-5gJ6J&8ST?&-5zi:/fcr 
ffla>»«©«^fi9$iSWr -6 tztbaz? a y *j g-c 

*«S$ffil»fcBED C D C □ 

@8tft4CPU OWx-lf Pe ntiuml I I OSS 
*) ) tA<««*nr^«. AC7^7$ (AC-ad 
a p t e r) ^otl^St^C^JfT'Jfr&DC 
2 0 V<DBS4<, AC 7"*:?* #l=l**&/<-y 
9 (LI — ION battery pack) A^bO 
CI 2. 6V-1 0 VO«S*<SS(l6«||=a«!$iri-5. 
LT. CPUfflaSlHlKl=J:or»E**lfcDC1. 6 
V/1 5A«)«aS«ffA<CPUI=»LT«J&*^*«fc5 

[0 0 7 8] C©3>fcfa.— ^^<DS<S17I*, 
mi*tz&E.D C DC3 — £ |= J: y c P UlcSSBEE 
S«t<SLTt^©^ ^»S6**lRj±LT«>Baa*^b 

< r z> t mzAtt&o&mz t tt&-t & c t t<-c $ s 

•53a*«T £ R& C C £ 4, T* # 
[0079] 

BEDCDCa 9 (DWMf&E. AASSffllc-te >X« 
£«3i LTKff D C D C u * <DfE&8l*£|R)±-r 

t;mJia)M^A^p,iE«l6f^Js^^?i5-5*^5A^^^!l^■ri(D 
£<f5ci:;b<T?££ 0 ioT, SJfi.IEaa>eaS£A 



[0 2] *SeK<D-|gl£J&tlT?fc3a*3!E«aiftft*!l3£ 
SH=<k y W£**i*&ED c D C3 9 <DIE$Efif£ 

[03] **W<0-SUE«8S-efc-5ia«3E«aHlft?9^ 
<B8lj£ -5 tz AO ? P -v * 0 If & -5 . 

[04] *!6K©-||J£}gBS-l?fc4jft*3S«aaftft¥i|S 

sn*#t;DCDczj>/<-4ift«ffli i co>mm$wtmT& 

tztb<D7o«/5Sni&%> c 

[0 5] *56fi8<D-Sgl£flJtSTfe£fflma«Bllltt*«S 
tt «j»tft7*% i?i-;ntfc L < I* i cibU £fci*»tt 
-tl=ffl»Jg?&-efE»U affODCDCa>/i- *$nw 

i ctia^^i*fc«fiE«*isiwr4fcto(D^n-y<7Bi 

[06] *«?B05-|glS^a|-Cfc«zji/ej. — 9fflO)X 

[H7] &.x&9s-\o>&*3i&mw>ft%imx&&mm-t 
[as] s£*afif 2 0>iaasiE«aaift{ii!W;&i£ saea-r 
[09] «*a«3<7)iflagiE«aHift«inai^*ittK-r 
[##<*> ise] 

1 A*«35«aigp 

2 ATjma&tuss 

3 a«stfi«ii*'H£«s 

3 a iiastftBttfttts i csfciiiaasssai&ttfij 

7 SAmara^s* 
a sAaafiisas 
9 a/haff2pij^gp 
i o fiAaff^se? 

i 3 BoBBBttB 

14 DCDC3i//<-$$!ilC 

15 HS©DCDC3>/^ — £$!1?8M C 
1 6 =S-aBBSfili:«E«»0)«#ia^ 
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[01] 



Vm 



On 



X 



14 



l— IE 




Voul 



[02] 



[H3] 



■AAAr 
Rb 



7 



On=j = 



— i — r~ » — i — 1 



1 



StlW 



I — 



8i 



1 



7? 



MM 



12 



i 



x 



j 

i 



-10 



r13 



ffec 
S3 



-14 
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[04] 



ttfUS 



5 



T 



14 



W»9 



02 
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